The surface applies lime to correcting soil acidity in no-tillage and promotes root development and yield of maize. However, limestone with a particle size smaller than 0.30 mm cannot promote this effect. The aim of this study was to determine the root attributes, nutrition and productivity of maize with limestone ground in no-tillage. The experimental design was randomized blocks with five treatments and four replications. The treatments 
Materials and Methods
The experiment was conducted in October 2009, near Goiânia-GO, Brazil, located at latitude: 16˚36′6, 91ʺ S, longitude: 49˚16′57, 22ʺ WO. According to the Brazilian system of soil classification-SiBCS [9] , the soil of this researchwas featured as dystrophic Red Oxisol. The climate as classified as tropical rainy Aw savannah, having a sub-humid climate, with two distinct seasons: a drought lasting four to five months, and a rainy season occurring from late September to April, according Köppen Climate.
The experimental design was a randomized complete block with five treatments and four replications. The treatments consisted of four limestone particle classes: 1) 0.30 to 0.20 mm; 2) 0.20 0.10 mm; 3) 0.10 to 0.05 mm and 4) from 0.05 to 0.01 mm applied to the soil surface at a dose of 1.3 Mg•ha −1 . We used an additional treatment (control) which received no lime. The liming rate was calculated to raise the base saturation to 50%, based on chemical analysis of soil (0 -20 cm) before the experiment ( Table 1) . The need for liming (NC) was calculated by the base saturation: CN = (V2 -V1) × T/100 where V2 is base saturation required by the crop, if we used 50%, V1 is base saturation current soil, T is the cations exchange capacity of the soil current total. The calculation of liming was based on the results of soil analysis before the experiment, the layer 0 -20 cm depth.
The limestone used in the experiment was classified as dolomite extracted from metamorphic rocks, with 38% de CaO and 13% MgO. The limestone was divided into the desired particle classes through appropriate sieves.
The study soil was prepared with harrow of 12 × 32, or grille that has 12 discs with 32 inch, six months before the implementation of the experiment and application of different limestone particle size. The lime was applied three months before planting maize the soil surface. The different particle size limestone was application in the first year (2008) .
The weeds that spread in the area were mostly Urochloadecumbens, Panicum maximum, Cenchrusechinatus, Cyperusrotundus and Commelinabenghalensis. For planting maize weeds were controlled with desiccation using 3. . Maize was planted on December 15, Table 1 . Analysis results of soil in the experiment area at 0 -20 cm depth. urea agricultural manually applied along the line of planting maize. Maizewas conducted by applying cultivation as the emergence of weeds, pests and crop diseases.
Assessments of the effect of the application of different particle size of limestone were made in couple year (crop 2008/2009 and 2009/2010) . Soil sampling along with the roots was done with auger type "mug" tailored with 9.8 cm internal diameter and 60 cm in length, divided into a range of 10 cm to adjust the depth of the desired sample with a rod to facilitate the movement and force application. This method of root sampling was adapted from [10] . The auger has at its end a series of sharp edges, like a mountain, that aids in cutting the roots and the penetration of the equipment to the ground. The auger used was made of stainless steel and the iron rod. For every 10 cm depth have the ability to sample 754 cm 3 soil with roots. This sampling was done at 0 -10 cm, 10 -20 cm and 20 -40 cm soil depth in two samples per plot in two years, 2009 and 2010. Samples were always collected at flowering maize (phenological stage R1).
The procedure to remove a sample of soil with roots began with the choice of the sampling area must be homogeneous with the crop of maize, excluding areas affected by pests and diseases, plants uneven, nests, holes, etc. The auger was stuck into the ground so that it is close to the stems of maize, sectioning different desired depths. A maize plant was removed with the aid of a knife severing its stem near the ground, to facilitate removal of soil sample roots.
Samples destructive roots with soil were stored in plastic bags with proper identification. Plastic bags used possessed great strength to hold the weight of the soil. The samples were weighed on a precision balance before the separation of the roots in the soil, thus is the weight of the soil to the roots. A small sample was collected 100 g of the sample with destructive to ground roots to determine the water content in soil and deducted from it afterwards. These samples were stored in cold storage for a period of one month with temperatures below −5˚C for subsequent separation of roots and soil. The separation of roots from the soil was carried out in the shortest possible time from the extraction field, avoiding losses of dry mass or dehydration of the roots.
For obtaining the roots requires two steps that were consistent in the use of water to remove soil and other inert materials. The first step separated the roots from the soil with the aid of water. The second stage separated from the roots and other organic materials roots of the plant that are not of interest. In this first step, it was necessary to use a bucket for sample dispersion and deposition of soil in the roots with water. Then passes its contents in a ABNT 35 (500 micron mesh) by applying water to remove soil. To facilitate this, we used a round table made of plastic with holes of the same size sieves. This procedure was repeated four times to remove as much of the soil, avoiding any loss of roots.
After this separation, we collected waste (organic material and roots) retained in the sieve, and they were placed in labeled plastic bags for the process procedure. The waste collected were keptrefrigerated in a cold chamber at −5˚C, proceed to the next wash. A second separation of roots occurred in the shortest time possible to avoid the presence of fungi in the roots as aresult of moisture.
The washing process of the second sample was used to remove impurities which were as stones, coal, straw and small roots undesirable. These materials could hinder the process of image acquisition thus increasing source of error, especially in root weight. The second washing process was initiated with the deposition of the sample in the plastic bag in a container with water. After this, separate the roots of the impurities. Water helps remove the impurities that are stuck together the roots. We used a white container and shallow for better visualization of impurities. This procedure was repeated twice to obtain a sample without impurities, preventing loss of roots.
The digitization of maize roots separated from the soil was taken with the aid of the glass sheets of A4 size (21 cm × 29.7 cm) with 2 mm thickness without side edges. In this blade, is placed a transparent tape 2 cm long and 2 cm wide reference range for scanning the roots. Separate the roots were placed on paper towel to remove excess water may affect the scanning of the roots. The dried roots were separated and placed on glass slides, arranged in the vertical direction without overlapping, for subsequent scanning. The process of image acquisition roots was done by digitizing the same previously prepared with the use of a scanner table of appropriate size (with ability to scan an entire A4 sheet). The scanner was configured to capture images with a resolution of 300 DPI, with scanning in grayscale. The scan provided images with contrast, the roots black on a white background, for this was placed a sheet of blank paper and a transparency in the wall scanner. The scanner used in this study was the brand Genius model HR8.
The images acquired from maize roots were saved with the file extension type bitmap for further analysis in computer application SIARCS 3.0 ® [11] . The digitized roots were placed in paper bags identified weighed to obtain fresh weight of the roots. These roots were placed in greenhouses forced ventilation for 72 hours at 60˚C and then weighed to obtain their dry mass. The glass sheet size 21 cm × 29.7 cm, in some cases, the sampled root volume does not contain all of the roots. Thus, subsamples were taken and separated from the roots scanned. The subsamples of roots through the same process of roots scanned to obtain their green mass and dry mass. So, the end of the analysis process area and root length corrections were made based on the subsample to calculate its volume, area and length volume and mass of soil sampled.
The data area, length and root mass of maize were used to generate the following attributes depending on the root volume and mass of dry soil sampled: The root area due to the volume of soil sampled (ARV), the root area due the mass of soil sampled (ARM), root length due to the volume of soil sampled (CRV), root length depending on the weight of the sampled soil (CRM), the root mass as a function of the volume of soil sampled (MRV) the root mass as a function of the mass of soil sampled (MRS), root length as a function of root mass by the mass of soil sampled (CREM). The CREM refers to the diameter of the roots in the soil, the larger the relative length of the root mass, the smaller the diameter of these roots.
The nutrition of the plants was assessed from samples collected from maize leaves every season done. Leaf sampling was carried out in the maize when 50% to 75% of the crop had the female inflorescence, collecting below and opposite to the first spike, discarding the midrib, ten plants per plot. At the laboratory samples obtained were analyzed for the determination of macronutrients (Ca and Mg) and micronutrients (Cu, Fe, Mn and Zn) using the methodology described by [12] .
The The data were statistically analyzed using the computer application SAS [13] . Data were analyzed by applying the F test in analysis of variance and means were compared by Tukey test (α = 0.05). We performed the correlation of root attributes maize with chemical soil with foliar and production of this crop.
To evaluate the attributes of maize root area and length as two samples were collected per plot. Thus, considering the number of repetitions of 24 samples of maize roots per treatment were used. The results of root attributes of maize this study were submitted to the normality. When this data was not normal applied the methodology proposed by [14] to classify the coefficient of variation (CV) of these attributes. The classification of CV has shown how the study methodology was efficient to root.
Results and Discussion
The highest specific root length per root mass (CREM) maize was found with surface application of limestone with a particle size between 0.30 mm and 0.20 mm in 20 -40 cm layer of soil in the first year ( Table 2 ). The use of limestone with particles smaller than 0.20 mm applied to the soil surface was not efficient to improve root development of maize plants that first year.
The root length in the soil surface was higher with the use of limestone with 84% PRNT applied to the surface layer of soil in 10 to 20 cm of soil in maize. Already the average radius of maize roots was not modified by liming, these attributes are related to root the presence of Ca and Al in the soil, which restricted the exploitation of roots in the topsoil [7] . Accordingly, these results disagree with the present work, where with limestone ground maize roots lengthened in the soil profile.
The highest values of maize CREM layer 10 -20 cm soil depth was found with the use of limestone with a particle size between 0.10 mm to 0.05 mm in the second year (2010). Already in the 20 -40 cm, the limestone with grain size between 0.30 mm to 0.20 mm promoted greater CRV maize (Table 3) . Thus, the use of limestone with large particles improved the deepening of maize roots in the soil profile.
Results developing maize roots evaluated by their attributes of root length and root mass showed probability distribution that deviated from normal in the two years of study. However, the classification of CV proposed by [14] was utilized to verify the efficiency of this variability data.
In 2009, the CV values were low for ARV and ARM maize at a depth of 0 -10 cm, 10 -20 cm in depth. The 1 ARV-root area based on the volume of soil sampled; ARM-root area based on soil mass sampled; CRV-root length based on the volume of soil sampled; CRM-root length based on mass sampled soil; MRV-root mass based on the volume of soil sampled; MRS-dry root mass-based soil sampled; CREM-root length per root mass based on the mass of the sampled soil; 2 Values followed by lower case letters in the same column do not differ (Tukey test, P < 0.05); 3 CV (%): Coefficient of variation. 4 CV ranks: Coefficient of variation classification proposed by [14] .
RSD values was low and medium ARV for ARM maize, this CV values were higher in the 20 -40 cm soil layer. the root attributes CRV, CRM and CREMhad low CV values in all soil depths. The average results of MRV and MRS at high CV values in all soil layers. However, the results of maize root attributes using lime applied to the soil surface varied considerably. Therefore, the root attributes that are related to root length showed low variability for classification of CV [14] , showing that the method of the auger can be used to describe this root parameter. 1 ARV-root area based on the volume of soil sampled; ARM-root area based on soil mass sampled; CRV-root length based on the volume of soil sampled; CRM-root length based on mass sampled soil; MRV-root mass based on the volume of soil sampled; MRS-dry root mass-based soil sampled; CREM-root length per root mass based on the mass of the sampled soil; 2 Values followed by lower case letters in the same column do not differ (Tukey test, P < 0.05); 3 CV (%): Coefficient of variation. 4 CV ranks: Coefficient of variation classification proposed by [14] .
The root mass, the auger method showed high CV values which may not reflect the reality of the root growth of maize through the use of limestone, due to the large variability in the data. However, it was essential that all parameters of roots were observed to generate the CREM attribute, which found that the use of limestone incorporated into the soil with a particle size greater than 0.30 mm favored root development of maize in the 20 -40 cm layer soil.
In 2010, the CV values were high for ARV, ARM, MRV, MRS and CREV maize in all different depths of soil sampled. However, the CV values were for CRV and CRV at a depth of 0 -10 cm soil, and these values were low at depths of 10 -20 and 20 -40 cm. Therefore, the variability of results of the root attributes are large. Thus, for root length in relation to the volume and mass of soil these values were low, so even with great variability after limestone with different particle sizes on the surface of soils modified maize root development.
The root length of maize by soil surface to a depth of 40 cm, both in the row and between the lines was not significantly altered by surface application of lime [15] . Therefore, agreeing with this research, the grainy lime applied to the soil surface modified the maize root development in the soil profile, improving the deepening roots in layer 20 -40 cm soil.
The 40% of root length of maize plants cultivated in direct planting was concentrated in the soil layer of 0 -10 cm with the application of lime to the soil surface [7] . The spatial distribution of roots with the highest concentrations near the plant and the surface is due to the morphology of the root system and the conditions generally more appropriate for the availability of nutrients, biological activity and aeration for root development in the upper soil layers. However, this study shows that the roots of maize not concentrated in the 0 -10 cm layers of soil.
The leaf Ca, Mg, Cu, Fe, Mn and Zn maize showed no significant differences with the use of limestone with a particle size smaller than 0.30 mm applied to the surface of the soil (Tables 4 and 5) . In this sense, the application of lime thinner on the ground surface did not impair the nutrition of the maize plant during the two years of cultivation. [7] reported that the use of re-liming the soil surface provides no significant influence on foliar concentrations of macro and micronutrients in maize agreeing with this present research.
The application of lime to the soil surface increased the Mg content in the leaves of maize [16] , disagreeing with this research where this increase was not observed. Already, [17] reports that the levels of macro and micronutrients in maize leaves were not influenced by the modes of application of limestone, corporate, and superficially applied at planting and claims that this was due to the condition of adequate moisture and fertility level soil during the crop cycle, may be the possible causes of non-differentiation between treatments, preventing distinction cultivars exhibited tolerance to Al 3+ . According [15] the use of liming on different doses of limestone with PRNT 85% promoted the increase in the amount of P, Ca, Mg and S absorbed by maize plants. However, even using finely ground limestone with PRNT 100% applied to the surface of the soil in this present study was not observed increase of macro and micronutrients in maize leaves in two consecutive years of cultivation. This result was not expected, because with the increased availability of nutrients in the soil by liming, increase up foliar nutrient contents. However, the use of limestone with particle size smaller than 0.30 mm across promoted a soil amendment and not concentrated in the surface layer allowing a chemical balance of nutrients in the soil and thus promoting adequate absorption of these nutrients.
The CREM represents the root length relative to its mass, the higher the value of this parameter are thinner roots. In this sense, the maize had fine roots in 10 -20 cm soil layer with use of limestone particle size between 0.10 at 0.05 mm. The fine roots are primarily responsible for absorbing water and nutrients from the soil by the plants. However, this reflected in the correlation between the maize root and leaf nutrient contents in leaf of this plant in the first year (Tables 6 and 7) .
The levels of foliar Ca in maize significantly correlated with Mg and Zn in 2009. Just CRM maize correlated with the concentration of Mn in leaves of maize. ARVs, ARM, CRV, CRM, CRM, MRV, MRS, CREM attributes correlated with each other means that year. The reviews root attributes not correlated with grain yield of maize in the first year due to the application of limestone with less than 0.30 mm on the surface of the soil particle sizes.
The Ca content in maize leaf did not correlate significantly with Mg in the second year. This year, there was no correlation between root attributes of maize and the levels of macro and micronutrients in the leaves of maize and also for the production of maize grains due to the application of finely ground limestone applied superfi- cially in the soil. However, the root attributes evaluated were significantly correlated.
Limestone with particle sizes less than 0.30 mm at the soil surface did not influence the production of maize crops in 2008/2009 and 2009/2010, only differed from the results of the area without liming. Thus, the grain yield of maize was not harmed by the changes of chemical properties of soil and foliar nutrient concentrations occurred by the use of limestone with less than 0.30 mm particles ( Table 8) .
No-tillage (NT) allows the roots to deepen the soil through a continuous network of pores formed by senescent roots and the microorganisms [18] . However, the NT consolidated moving machinery increasing resistance to soil penetration [19] and the application of fertilizers and the soil surface does not allow the deepening of significant at the 5% for test F; (1) ARV-root area based on the volume of soil sampled; ARM-root area based on soil mass sampled; CRV-root length based on the volume of soil sampled; CRM-root length based on soil mass sampled; MRV-root mass based on the volume of soil sampled; MRS-dry root mass-based soil sampled; CREM-root length per root mass based on the mass of the sampled soil. maize roots for more subsurface layers [20] . The SPD has not yet consolidated along with the use of limestone particle size from 0.30 mm to 0.20 mm applied to the soil surface promoted elongation of roots into deeper soil layers. The liming had a positive effect on maize root growth, but the average radius of the roots was not altered [19] . Under one view, the average root radius was smaller with surface application of limestone particle size between 0.10 mm to 0.05 mm in 10 -20 cm soil depth.
The different particle sizes of limestone altered the root distribution of maize plant in the 0 -20 cm soil depth in the two years studied. Accordingly, [16] also observed that the incorporation of lime did not favor the growth of the root system of maize compared to surface application using limestone with 100% PRNT. Since [21] found that the incorporation of lime in the rate of 6.8 t•ha −1 in a dystrophic Ultisol promoted root growth of maize to 0.45 m depth in the soil, compared to liming. Even without incorporating limestone with a particle size between 0.30 mm and 0.20 mm caused greater root development in 20 a 40 cm soil layer in the second year.
The auger method associated with the processing method roots was effective in the description of the parameters rooting of maize plants using limestone in different particle sizes. [5] compared the methods of the auger, volumetric cylinder and image processing method in maize root distribution in the soil profile and found that the auger constituted the most suitable for a simple, quickly and inexpensively. However, the method of processing images presented as a very powerful tool for the detailed study of the root system can also be applied to various areas within the agronomic science.
Conclusion
The limestone with a particle size between 0.10 mm and 0.05 mm applied to the soil surface NT promotes the development of fine roots in 10 -20 cm depth. The elongation of maize roots on 20 -40 cm depth is promoted by the use limestone with particle size between 0.30 mm and 0.20 mm applied to the soil surface in NT. The leaf Ca, Mg, Cu, Fe, Mn and Zn in maize are not affected by limestone with a particle size of 0.30 mm below the soil surface in NT. The root development promoted by surface application of finely ground limestone does not reflect the effect of Ca and Mg absorption and grain yield of maize.
